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Chapter One 
Introduction 
The prevalence of celiac disease and gluten intolerances has grown drastically in 
the last few decades (Niewinski, 2008). Gluten is a group of proteins that can be found in 
wheat, rye, and barley (Shewry, 2009). The understanding of celiac disease has come a 
long way, and is now better understood and classified. Today, celiac disease affects 1 in 
100 individuals, corresponding to about 1 % of Americans (Mager, Qiao, & Turner, 
2012). Currently, the only treatment for celiac disease, or any gluten intolerance, is the 
gluten-free diet. However, the gluten-free diet can lack many of the essential nutrients 
needed throughout the lifespan. Because a gluten-free diet is the only treatment for celiac 
disease and gluten intolerances, the acceptability of gluten-free products must be 
improved in an effort to improve their acceptability. Thus, understanding consumer 
acceptance of alternative grains when on a gluten-free diet is necessary. 
Purpose of the Study 
The purpose of this research project was to identify if consumers could perceive a 
difference in quality when comparing whole-grain gluten-free baked goods to refined 
gluten-free baked goods at varying flour levels. 
Research Hypotheses 
Hypotheses of this research project included: 
1. Consumers will not be able to perceive a significant difference in the quality 
of whole-grain gluten-free cookies to refined gluten-free cookies at a level of 
20% flour. 
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Chapter Two 
Review of Literature 
In this chapter the review of related literature of celiac disease is presented. 
Included are an introduction to celiac disease, a discussion ofresearch pertaining to 
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gluten intolerances, a history of celiac disease and gluten-free diets, the extent of the 
problem, the nutritional content of gluten-free products, and consumer acceptance. 
According to Elli and colleagues (2012), celiac disease is one of the most common 
immunological intestinal disorders and is characterized by duodenal mucosa! atrophy and 
lymphocytic infiltration, as a result of a deregulated immunological response triggered in 
genetically susceptible individuals when ingesting gluten. The Archives of Pathology & 
Laboratory Medicine (Ensari, 2010), defines celiac disease, which is also known as 
coeliac disease, celiac sprue, nontropical sprue, gluten-induced enteropathy, or gluten-
sensitivity enteropathy as a chronic inflammatory disorder that occurs in the small 
intestine. This inflammation is characterized by malabsorption after an individual with a 
certain genetic background ingests wheat gluten or other related proteins in rye and 
barley. The Pharmaceutical Research Journal (Matoori, Fuhrmann, & Leroux, 2012) 
concur that celiac disease can be defined as a "chronic small intestine immune-mediated 
enteropathy triggered by exposure to dietary gluten in genetically predisposed 
individuals" (p. 619). The Pediatric Drug Journal (Kwon & Farrell, 2006) reiterates that 
celiac disease is an autoimmune condition that is characterized by inflammatory injury to 
the small intestine mucosa after the ingestion of wheat glutens or other related barley and 
rye proteins. This autoimmune disease affects individuals at anytime across the 
developmental lifespan (Arnone & Fitsimons, 2012). All of these authors agree that the 
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celiac disease (Troncone & Jabri, 2011 ). Silent celiac disease is defined as the presence 
of findings consistent with celiac disease, such as positive celiac disease-specific 
antibodies, HLA haplotype, and bowel biopsy findings, without the sufficient signs and 
symptoms to warrant for clinical suspicion of celiac disease (Troncone & Jabri, 2011). 
Latent celiac disease can be defined as a condition in which individuals are without 
enteropathy but do experience gluten-dependent enteropathy at some point during their 
lifetime (Troncone & Jabri, 2011). The Archives of Pathology & Laboratory Medicine 
(Ensari, 2010) agrees with this term, which is used to describe symptoms of patients with 
evidence of gluten sensitivity, but without the full-blown symptoms of celiac disease. The 
disease is recognized as the presence of specific celiac disease antibodies and compatible 
HLA haplotypes, but individuals do not show any histological abnormalities in the small 
intestine biopsies (Troncone & Jabri, 2011). There are now other cases of gluten 
reactions in which neither allergic nor autoimmune mechanisms can be identified. These 
cases are defined as non-celiac gluten sensitivity, which involve an individual 
experiencing pain when eating gluten-containing products, but show improvement when 
complying with a gluten-free diet (Nejad, et al., 2012). Wheat or gluten sensitivity can be 
recognized through irritable bowel syndrome signs and symptoms, such as abdominal 
pain, bloating, gas, along with headaches, rashes, "brain fog," and fatigue (Mayo 
Foundation for Medical Education & Research, 2013). Gastroenterology & Hepatology 
Journal (Holmes, 2013) agrees that gluten sensitivity is a state of heightened immune 
response to ingested gluten, which can lead into the development of celiac disease. 
Atypical forms of celiac disease and gluten sensitivity encompass a range of conditions 
including typical celiac disease histology with minimum symptoms, along with minimum 
to normal mucosal changes with negative serology and genetics (Nejad, et al., 2012). 
Refractory celiac disease is defined as typical celiac disease mucosal changes and 
symptoms, yet not responsive to the gluten-free diet (Nejad, et al., 2012). 
History and Development of Celiac Disease and the Gluten-Free Diet 
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Aretaeus the Cappadocia first recognized celiac disease as a clinical entity in the 
first century A.D. (Kwon & Farrell, 2006). The first distinguishing manifestations of 
classical features in relation to celiac disease were noted in 1887 by pediatrician Samuel 
Gee, which he found to be diarrhea, lassitude, and failure to thrive. During this time, Gee 
believed the regulation of food to be the main part of the treatment for celiac disease, and 
made note that this disease was not age specific (Niewinski, 2008). In 1953, Dutch 
pediatrician William Karel Dicke created a demonstration through a controlled study that 
used wheat, rye, and barley to trigger celiac disease, which showed that the disease could 
be reversed after these gluten-containing products, were removed from the diet 
(Niewinski, 2008). He observed these improvements in childhood celiac disease when 
rations of cereals and breads in the Netherlands were specifically involved (Kwon & 
Farrell, 2006). English physician, John Paulley, made the first accurate description of a 
celiac lesion in 1954, through examination of full thickness biopsy specimens taken 
during laparoscopy procedures of patients with celiac disease. From the biopsies of the 
celiac disease patients, he was able to describe broad flat villi and dense chronic 
lymphoepithelial inflammatory cell infiltrate in the small intestine mucosa (Niewinski, 
2008). This way of taking samples during surgery paved the way for taking biopsy 
samples by endoscopy to test for celiac disease. 
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Throughout the l 960's other features of celiac disease were clarified (Anton & 
Artfield, 2008). During the late 1970's, brief case reports indicated that some patients 
were wheat sensitive, but did not have celiac disease (Holmes, 2013 ). These reports were 
made during a time when 17 patients with chronic diarrhea did not receive a definitive 
diagnosis or effective treatment, but were investigated at the Birmingham General 
Hospital in the United Kingdom. Of the 17 patients, nine (who were all women) suffered 
from persistent diarrhea for up to 20 years, which was socially incapacitating and 
nocturnal, but all responded well to a gluten-free diet (Holmes, 2013). In the 1980's, a 
few studies from Great Britain and Ireland observed a reduction in the incidence of celiac 
disease when gluten was delayed being introduced into an individual's diet (Anton & 
Artfield, 2008). Nevertheless, epidemiological observations displayed a high prevalence 
of celiac disease in seemingly healthy children and adults in the l 990's (Anton & 
Artfield, 2008). In 1992, Dr. Michael Marsh created the Marsh biopsy classification 
system for diagnosing celiac disease with updates being made in 1996. The original 
staging of mucosal injury by Marsh is five interrelated lesions that are characterized from 
minimum injury of the mucosa with an increase in intraepithelial lymphocytosis 
(IELosis) to total villous atrophy (Niewinski, 2008). The classic celiac lesion is 
characterized by infiltration of lymphocytes in the epithelial and the lamina propria with 
crypt hyperplasia and villous atrophy (Niewinski, 2008). The updated Marsh 
classification system is now defined into three groups that depend on the degree of 
cellular and architectural abnormalities (Ensari, 2010). Type one of the updated Marsh 
classification consists of normal villi with IELosis, which corresponded with the original 
type one Marsh classification. Type two of the updated Marsh classification is identified 
9 
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The celiac disease iceberg has improved the understanding and detection of celiac 
disease. The concept of the iceberg demonstrates the clinical variability of celiac disease, 
and helps to understand its systematic nature (Evans & Sanders, 2010). 
The celiac iceberg has four parts that explain different types of celiac disease. The 
visible part of the iceberg seen above the waterline represents the diagnosed cases, or 
10% of the whole celiac population, with patients showing typical gastrointestinal 
symptoms such as diarrhea and weight loss. These patients are those who are typically 
healthcare seeking and are able to access services for diagnosis (Evans & Sanders, 2010). 
The subsequent layer below the waterline is the group known as the silent cases. These 
cases consist of 7 5% of the celiac population who have yet to be identified, but have flat, 
small intestinal mucosa. This group may remain undiagnosed, because the condition has 
no symptoms or the symptoms have not yet been linked to celiac disease (Anton & 
Artfield, 2008). This group experiences non-specific gastrointestinal symptoms such as 
bloating or conditions associated with celiac disease such as iron deficiency anemia, 
persistently abnormal liver function tests or osteoporosis (Evans & Sanders, 2010). 
Patients within this group are often identified in screening groups, which can include type 
1 diabetes, autoimmune thyroid disease, or a first-degree relative with celiac disease 
(Evans & Sanders, 2010). Occupying the bottom of the iceberg with around 15% is a 
small group with latent celiac disease, which describes two groups of patients. In the first 
group, are those who show normal mucosa while consuming gluten, but may still have 
the potential to manifest the disease (Anton & Artfield, 2008). In the second group, 
which is rarer, are patients who may have villous atrophy, but continue on a normal, 
gluten containing diet, and with follow-up have normal biopsies with resolution of the 
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tendency to be higher in fat and calories, due to the ingredients that replace the gluten, 
such as cornstarch, potato flour/starch, tapioca flour/starch, and brown/white rice flour, 
which are used to create acceptable flavor, texture, appearance, and overall quality 
(Niewinski, 2008). Consumer acceptance is also based on the palatability and form of 
gluten-free foods, which becomes an issue when comparing them to gluten-containing 
foods (Arnone & Fitsimons, 2012). There have been improvements when eating and 
baking gluten-free foods in recent years, with an increase in the number and quality of 
gluten-free products that are now available online and in some food stores, but they are of 
greater expense compared to gluten-containing products (Niewinski, 2008). With the 
increase in improvements, the creation of gluten-free cookbooks has also made gluten-
free cooking and baking easier (Niewinski, 2008). 
The encouragement for celiac disease patients to consume adequate amounts of 
nutrients can be seen through the production of more gluten-free foods that contain 
higher quality grains such as amaranth, buckwheat, corn bran, flax seed, millet, oats, 
quinoa, brown/wild rice, sorghum, and teff (Niewinski, 2008). By substituting alternative 
grains in place of the standard gluten-free grains, the nutritional profile may have a 
chance of being improved. The consumers' acceptance of these alternative grains may be 
increased because of the concern regarding weight gain when on the gluten-free diet 
(Lee, Ng, Dave, Ciaccio, & Green, 2009). The study done by Lee and colleagues (2009), 
found that the three alternative grains they used were well accepted, and had the potential 
to improve the nutritional profile of the diet for individuals with celiac disease. These 
three alternative grains in the study statistically improved several nutrients such as 
protein, iron, calcium, and fiber in the participants. The three grains that were used were 
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The purpose of this study was to determine if consumers could perceive a 
difference in quality when comparing whole-grain gluten-free baked goods to refined 
gluten-free baked goods at varying flour levels. Research may find that the quality of 
gluten-free products, specifically baked goods, lack nutritional content for the consumer 
to maintain a healthy diet. This section discusses the design of the study, the pilot studies, 
the sample, instrumentation, procedure for data collection, and data analysis. 
Design of the Study 
The design of this study was an experimental, quantitative, observational survey 
analysis to compare whole-grain gluten-free and refined gluten-free cookies, coffee cake, 
and bread. The cookies, coffee cake, and bread were made with Hodgson Mill's whole-
grain gluten-free flour and Betty Crocker refined gluten-free flour. The group of 
participants consisted of adults (18-65+ years) from Eastern Illinois University. The 
participants were asked to follow the same procedures within the research design to 
facilitate consistency. 
Pilot Studies 
In fall 2013, three pilot studies were perfonned using a convenience sample of 
college students and faculty (n=42) from Eastern Illinois University. The instruments 
used in these studies were research-developed surveys based on contemporary literature 
regarding consumer acceptability of whole-grain gluten-free baked goods and refined 
gluten-free baked goods at varying flour levels. The studies allowed for fine-tuning of the 
surveys and the logistics of the study. 
18 
Sample 
A convenience sample of Eastern Illinois University community members was 
recruited for participation. The study was conducted in the Cafe, a student-run classroom 
and laboratory located in a campus building that provides adequate space for the 
participants. The sample was selected based on convenience. All members who agreed to 
participate in the study were included. Participation was initiated by inviting regular 
guests of the Cafe through electronic correspondence to encourage participation (See 
Appendix A & B). Participation was completely voluntary. All participants were over the 
age of 18 and no gender quota was established. Participants were informed of the study 
after taking a seat in the Cafe in an available testing section. 
Instrumentation 
The instrument for data collection used in this study was a researcher-developed 
survey on the acceptability of whole-grain gluten-free and refined gluten-free baked 
goods at varying flour levels. The surveys were designed to collect data on consumers' 
perception of acceptability of whole-grain gluten-free and refined gluten-free baked 
goods. The surveys consisted of a total of eight questions. There were two 7-point Likert 
scale questions (1 =greatly disliked to 7 =greatly liked) that addressed the characteristics 
of the baked good products. The remaining six questions included two addressing 
demographics, one addressing specific baked good product consumption, one ranking 
both baked good samples, and two focusing on previous and future gluten-free baked 
good product consumption (See Appendix C, D, & E). Reliability of these instruments 
was tested during the pilot studies resulting in modification based on feedback after each 
pilot study. Content validity was established via content expert reviews by five professors 
of Eastern Illinois University. Due to the focus of the data, ecological validity for other 
consumers could not be established. 
Procedure for Data Collection 
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Participants were asked to be seated when entering the Cafe, and were then told 
that the focus of the research was to taste-test gluten-free baked goods. To avoid 
influencing the responses, the participants were not informed of the specific focus of the 
research. Participants' names were not used. Prior to completing the surveys, participants 
were informed of the study through a one-minute explanation about the purpose of the 
study, procedures, potential risks and discomforts, benefits of participation, 
confidentiality, right to withdraw, and contact information for additional questions and 
concerns. By signing a consent form, participants gave their consent to be part of this 
research study (See Appendix F). The three surveys were given to each participant at one 
time, and were collected when the participant was finished with the samples. 
Data Analysis 
Surveys were analyzed using t-tests with Microsoft Excel 2011 version 14.0, 
which generated descriptive statistics of taste, texture, appearance, and overall quality of 
the gluten-free baked goods. I-tests were used to determine the consumers' preferences 
of whole-grain gluten-free baked goods compared to refined gluten-free baked goods. 
Summary 
The purpose of the present study was to identify if consumers could perceive a 
difference in quality when comparing whole-grain gluten-free baked goods to refined 
gluten-free baked goods at varying flour levels. The prevalence of celiac disease and 
gluten intolerances has grown drastically in the last few decades. The only treatment for 
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celiac disease and gluten intolerances is the gluten-free diet. Yet, the gluten-free diet 
lacks many of the essentials nutrients needed throughout the lifespan. In the study, 
consumers' perceptions of gluten-free baked goods at varying flour levels were gathered 
to better understand consumers' acceptance when comparing whole-grain gluten-free 
flour to refined gluten-free flour. 
Chapter Four 
Results 
The purpose of this study was to determine if consumers could perceive a 
difference in quality when comparing whole-grain gluten-free baked goods to refined 
gluten-free baked goods at varying flour levels. This section discusses the sample, the 
instrumentation, data collection, and the hypotheses. 
The research hypotheses of the study we.re as follows: 
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1. Consumers will not be able to perceive a significant difference in the quality 
of whole-grain gluten-free cookies compared to refined gluten-free cookies at 
a level of 20% flour. 
2. Consumers will not be able to perceive a significant difference in the quality 
of whole-grain gluten-free coffee cake compared to refined gluten-free coffee 
cake at a level of 50% flour. 
3. Consumers will not be able to perceive a significant difference in the quality 
of whole-grain gluten-free bread compared to refined gluten-free bread at a 
level of 100% flour. 
Sample 
A convenience sample of 33 adults, the majority being between the ages of I 8 to 
24 years old from a Midwestern University, completed the researcher-developed surveys 
(See Appendix C, D, & E). Participants were recruited through an electronic 
correspondence (See Appendix A & B). Of the participants, 79% (n = 26) were female 
and 21 % (n = 7) were male (See Figure 1 ). Of those completing the surveys 45% (n = 15) 
were 18-24 years of age, 6% (n = 2) were 25-32 years of age, 15% (n = 5) were 33-50 
were 51 were 
Males 
Females 
Figure 1: Gender of participants 
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Figure 2: Age of participants 
Instrumentation 
Through previous research on baked good flour levels, three different baked 
goods were chosen. The researcher developed the questions based on current consumer 
acceptance of the gluten-free baked goods to expand understanding of consumer 
acceptance and improve nutritional quality. 
were seated was set 
to an 
Figure 3: Research Study Room Set-Up 
Research Study Individual Seating Set-Up 
1: not 
Figure 5: (L) Hodgson Mill's Whole-Grain Gluten-Free Cookie 
(R) Betty Crocker Refined Gluten-Free Cookie 
Figure 6: (L) Hodgson Mill's Whole-Grain Gluten-Free Cookie Sample 
(R) Betty Crocker Refined Gluten-Free Cookie Sample 
Participants completed the researcher-developed survey related to the cookie 
samples. Participants compared the quality of the baked goods using the parameters of 
appearance, taste, texture, and overall quality with two 7-point Likert scale questions 
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(scale of 1 =greatly disliked to 7 =greatly liked) (See Appendix C). They were also 
asked to rate how frequently they consume cookies, which cookie sample they preferred, 
their experience with gluten-free cookies and if they would be willing to try other gluten-
free products. For photographs of the whole cookie and cookie samples see Figure 5 & 6. 
For the gluten-free cookie recipes used in this study see Appendix H & I. 
The mean score for appearance of the Hodgson Mill's whole-grain gluten-free 
cookie was 5.6, 5.72 for the taste, 5.51 for the texture, and 5.75 for the overall quality. 
The mean score for appearance of the Betty Crocker refined gluten-free cookie was 6.06 
for appearance, 5.21 for the taste, 5.09 for the texture, and 4.96 for the overall quality 
(See Appendix J). Participants ranked Hodgson Mill's whole-grain gluten-free cookie 
statistically better in taste (p =.05) and overall quality (p =.02) compared to the Betty 
Crocker refined gluten-free cookie (See Table 1). 
Table 1 
Charocteristics ofGlutenMFree Cookies and Survey Results (2()0/o our 
Characteristics 
Appearance 
Taste 
o e~ ram 
Mean Soorc 
5.606 
5.727 
Texture 5.515 
Overall Quality 5.757 
Note. *p< .OS, one tailed, two sample equal variance 
Note. Likcrt ty e scale of greatly dislike 
Table l T-test Table 
Mean Soorc 
6.062 
5.218 
5.093 
4.969 
like 
0.06 
0.05* 
0.09 
0.02* 
When asked how often they ate cookies, 24% (n = 8) of participants reported 
eating cookies often, 43% (n = 14) reported to sometimes eating cookies, 30% (n =10) 
reported rarely eating cookies, and three percent (n = 1) reported never eating cookies. 
Participants responded to whether they had ever tried gluten-free cookies before with 
26 
48% (n = 17) reported trying gluten-free cookies before participating in this study and 
fifty-one percent (n = 16) reported never trying gluten-free cookies before participating in 
this study. 
To understand consumer acceptance of different gluten-free flours, participants 
were asked to write a number one next to their preferred cookie sample, and a number 
two next to their least prefelTed cookie sample. Results of this question showed that, 68% 
(n=21) of participants ranked the Hodgson Mill's whole-grain gluten-free cookie as 
number one over the Betty Crocker refined gluten-free cookie along with being 
statistically better in taste and overall quality. When asked on willingness to try other 
gluten-free products someday, ninety-four percent (n = 31) of participants rep01ied they 
would be willing to try other gluten-free products someday. 
According to the data collected, participants preferred (53%) Hodgson Mill's 
whole-grain gluten-free cookies on average overall compared to Betty Crocker refined 
gluten-free cookies. The findings may reflect the fact that consumers are not able to tell a 
difference in flour processing when the baked good has less than 20% flour. 
Results from this study indicate that whole-grain gluten-free cookies at a 20% 
flour level were liked significantly better in taste and overall quality than refined gluten-
free cookies. This finding was not expected and does not support previous studies of 
whole-grain gluten-free baked goods. This may have been due to consumers' previous 
exposure to a variety of different types of gluten-free cookies. This may also influence 
manufacturers to produce higher quality gluten-free products using alternative grains that 
have less than 20% flour. 
not to a 
to 
Figure 7: (L) Betty Crocker Refined Gluten-Free Coffee Cake 
(R) Hodgson Mill's Whole-Grain Gluten-Free Coffee Cake 
Figure 8: (L) Betty Crocker Refined Gluten-Free Coffee Cake Sample 
(R) Hodgson Mill's Whole-Grain Gluten-Free Coffee Cake Sample 
Participants completed the researcher-developed survey related to the coffee cake 
samples (See Appendix D): the two 7-point Likert scales and six questions, regarding 
appearance, taste, texture, and overall quality of the coffee cake samples along with how 
often they eat coffee cake, their preferred coffee cake sample, if they had ever had gluten-
free coffee cake before, and willingness to try other gluten-free products some day. For 
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photographs of the whole coffee cakes and coffee cake samples see Figure 7 & 8. For 
coffee cake recipes used in this study see Appendix K & L. 
The mean score for appearance of the Betty Crocker refined gluten-free coffee 
cake was 5.6 for the appearance, 4.81 for the taste, 4.3 for the texture, and 4.81 for the 
overall quality. The mean score for appearance of the Hodgson Mill's whole-grain 
gluten-free coffee cake was 5.45 for the appearance, 4.75 for the taste, 4.45 for the 
texture, and 4.67 for the overall quality (See Appendix M). Statistical significance was 
not found for any of the characteristics of the Betty Crocker refined gluten-free coffee 
cake and the Hodgson Mill's whole-grain gluten-free coffee cake (See Table 2). 
Table 2 
Characteristics of Gluten-Free Coffee Cake and Survey Results (50%Jlour) 
Whole-Grain Refined T-test Value 
Characteristics Mean Soorc Mean Soore fo=33) 
Appearance 5.454 5.606 0.32 
Taste 4.757 4.818 0.44 
Texture 4.454 4.303 0.35 
Overall Quality 4.666 4.812 0.34 
Note. *p< .05, one tailed, two sample equal variance 
Note. Likert type scale of 1- greatly dislike to 7 ... greatly like 
Table 2 T·test Table 
To get a better understanding of participants' consumption habits, one of the 
survey questions asked participants how often they ate coffee cake; three percent (n = 1) 
of participants reported eating coffee cake often, 21 % (n = 7) reported eating coffee cake 
sometimes, 58% (n = 19) reported rarely eating coffee cake, and 18% (n = 6) reported 
never eating coffee cake. Pai1icipants were also asked whether they had ever tried gluten-
free coffee cake before. This allowed for the researcher to gain an understanding of 
consumer acceptance of gluten-free coffee cake. Eighty-eight percent (n = 29) reported 
29 
never trying gluten-free coffee cake before participating in this study and twelve percent 
(n = 4) reported trying gluten-free coffee cake before participating in this study. 
To understand consumer acceptance of different gluten-free flours, participants 
were asked to write a number one next to their preferred coffee cake sample, and a 
number two next to their least preferred coffee cake sample. Following the lack of 
statistical difference noted between the two gluten-free coffee cake samples, 50% (n = 
16) of participants ranked Hodgson Mill's whole-grain gluten-free coffee cake as number 
one and 50% (n = 16) ranked Betty Crocker refined gluten-free coffee cake as number 
one. To determine consumer acceptance of gluten-free products, participants were asked 
after sampling the coffee cakes if they would be willing to try other gluten-free products 
some day. Seventy-nine percent (n = 26) of participants reported that they would be 
willing to try other gluten-free products someday. 
The statistics from the data collection showed that 50% of the participants 
preferred the Betty Crocker refined gluten-free coffee cake overall, but there was no 
statistically significant difference between the appearance, taste, texture, or overall 
quality when compared to Hodgson Mill's whole-grain gluten-free coffee cake. It was 
also found that 50% of the participants ranked the Hodgson Mill's whole-grain gluten-
free coffee cake as preferred overall, while the other 50% ranked the Betty Crocker 
refined gluten-free coffee cake overall highest in preference. These findings may suggest 
that consumers may not be able to tell a difference in flour processing when the baked 
item has a 50% flour level. 
Results from this study indicate that whole-grain gluten-free flour and refined 
gluten-free flour at a 50% flour level were liked equally on all the products' 
no were 
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Figure 9: (L) Betty Crocker Refined Gluten-Free Bread 
(R) Hodgson Mill's Whole-Grain Gluten-Free Bread 
Figure 10: (L) Hodgson Mill's Whole-Grain Gluten-Free Bread Sample 
(R) Betty Crocker Refined Gluten-Free Bread Sample 
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Participants completed the researcher-developed survey related to the bread 
samples (See Appendix E): the two 7-point Likert scales and six questions, regarding 
appearance, taste, texture, and overall quality of the bread samples along with how often 
they ate bread, their preferred bread sample, if they had ever had gluten-free bread 
before, and willingness to try other gluten-free products some day. For photographs of 
the whole breads and bread samples, see Figure 9 & 10. For bread recipes used in this 
study, see Appendix N & 0. 
The mean score for appearance of the Hodgson Mill's whole-grain gluten-free 
bread was 5.69 for the appearance, 4.51 for the taste, 4.93 for the texture, and 4.43 for the 
overall quality. The mean score for appearance of the Betty Crocker refined gluten-free 
bread was 5.42 for the appearance, 4.42 for the taste, 4.74 for the texture, and 4.57 for the 
overall quality (See Appendix P). There was no statistical significance found for any of 
the characteristics of the Hodgson Mill's whole-grain gluten-free bread and the Betty 
Crocker refined gluten-free bread (See Table 3). 
able 3 
Characteristics of Gluten~Free .Bre.ad and Survey Results (100%flour) 
Whole-Grai.n Refmcd T-Test Value 
Characteristics 
Appearance 
Mean Srore 
5.696 
4.515 
Texture 4.939 
Overall Quality 4.437 
ote. *p< .05, ooe tailed, two sample equal variance 
ote. Liken scale of 1= tly dislike to 7• 
able 3 T~test Table 
MeanSrore 
5.424 0.20 
4.424 0.41 
4.742 0.29 
4.575 0.36 
To get a better understanding of participants' consumption habits of bread, one of 
the survey questions asked participants how often they ate bread. In response, 68% (n = 
21) of participants reported eating bread often, 29% (n = 9) reported eating bread 
sometimes, three percent (n = 1) reported rarely eating bread, and zero percent (n = 0) 
reported never eating bread. Participants were also asked whether they had ever tried 
gluten-free bread before. This allowed for the researcher to gain an understanding of 
consumer acceptance of gluten-free bread. Sixty-eight percent (n = 21) reported never 
trying gluten-free bread before participating in this study and 32% (n = 10) reported 
trying gluten-free bread before participating in this study. 
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To understand consumer acceptance of different gluten-free flours, participants 
were asked to write a number one next to their preferred bread sample and a number two 
next to their least preferred bread sample. Following the lack of statistical significance 
difference noted between the two gluten-free bread samples, 4 7% (n = 15) of participants 
ranked Hodgson Mill's whole-grain gluten-free bread as preferred and 53% (n = 17) 
ranked Betty Crocker refined gluten-free bread as preferred. To determine consumer 
acceptance of gluten-free products, participants were asked after sampling the bread if 
they would be willing to try other gluten-free products someday. Seventy-nine percent (n 
= 26) of participants reported that they would be willing to try other gluten-free products 
someday. 
A little over half (51 %) of the participants indicated overall preference for Betty 
Crocker refined gluten-free bread, but no statistically significant difference was found in 
appearance, taste, texture, or overall quality when compared to Hodgson Mill's whole-
grain gluten-free bread. These findings may reflect that the consumers may not be able to 
tell a difference in flour processing when the baked good has 100% flour, and is made 
with high quality whole-grains. Results from this study found that whole-grain gluten-
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hypotheses; however, the data trend is in a positive direction and with a larger sample, 
significant findings may be observed. 
Implications 
Recommendations for Future Research 
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Further research on consumer acceptability of whole-grain gluten-free products to 
increase nutritional value for those on the gluten-free diet is needed. There is a lack of 
research addressing the whole-grain gluten-free alternatives to improve individuals' 
nutritional status. Further studies focused on whole-grain gluten-free alternatives and 
consumer acceptances are needed to determine if nutritional deficiencies can be reduced 
or eliminated when on a gluten-free diet. While the present study found that consumers 
significantly preferred whole-grain gluten-free cookies, and were not able to perceive a 
significant difference between the whole-grain gluten-free and refined gluten-free coffee 
cake and bread samples, further research should be aimed at determining if consumers 
can perceive a statistical significant difference in 50% and 100% of whole-grain gluten-
free flour. 
Application of the Study 
Practitioners, manufacturers, and consumers can all benefit in different ways 
from this research. Implications for practitioners should focus on the dietary counseling 
of patients with celiac disease on the gluten-free diet. This is also true for manufacturers 
who should focus on the production of higher quality gluten-free products. The study 
found a trend in the data suggesting consumers are not able to perceive a significant 
difference between whole-grain gluten-free flour and refined gluten-free flour, which can 
help to improve nutritional deficiencies practicing the gluten-free diet by encouraging the 
37 
consumption of whole-grain gluten-free flours such as amaranth, buckwheat, and millet. 
Additional research is needed to determine if consumers can perceive a statistically 
significant difference in the quality of whole-grain gluten-free products with flour levels 
of 50% and 100%. The current study concluded that consumers prefer whole-grain 
gluten-free flour in baked goods with less than 20% flour. Also, consumers were not able 
to differentiate between whole-grain gluten-free flour and refined gluten-free flour when 
the baked good is more than 50% flour. Understanding this is important for practitioners, 
manufacturers, and consumers in order to improve nutritional deficiencies when on the 
gluten-free diet. 
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Survey 
Carlson Acceptability of Gluten-Free Baked Goods Survey 
Please circle the numbers based on preferences of cookies. 
Sample the gluten-free products and evaluate them based on a scale from 1to7; 
1 being the worst and 7 being the best. 
Notice: If you have any food allergies, please notify Jenna, the principal investigator immediately. 
2 3 4 5 6 7 
Greatly Moderately Slightly Neutral Slightly Moderately Greatly 
Dislike Dislike Dislike Like Like Like 
Cookie 548 
a. Appearance: 2 3 4 5 6 7 
b. Taste: 2 3 4 5 6 7 
c. Texture: 2 3 4 5 6 7 
d. Overall Quality: 2 3 4 5 6 7 
Cookie 570 
a. Appearance: 2 3 4 5 6 7 
b. Taste: 2 3 4 5 6 7 
c. Texture: 2 3 4 5 6 7 
d. Overall Quality: 2 3 4 5 6 7 
*Please answer the following questions as best as you can by writing and circling your choice(s). 
1. What is your age? _____ _ 
2. What is your gender? _____ _ 
3. How often do you eat cookies? (circle one) l= Never 2= Rarely 3= Sometimes 4=Always 
4. Rank the cookie samples (1 being most preferred; 2 being least preferred) 
548: 570: 
---------- ---------
5. Have you ever had gluten-free cookies before participating in this study? 
Yes No 
6. After sampling these gluten-free cookies, do you think you will be willing to try other gluten-free 
products someday? 
Yes No 
Thank you for participating in the Acceptability of Gluten Free Products study. I greatly appreciate your help 
and look forward to your evaluations. If you are interested in more information about this particular study or 
gluten free products, please feel free to contact the principal investigator. 
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Survey 
Carlson Acceptability of Gluten-Free Baked Goods Survey 
Please circle the numbers based on preferences of coffee cake. 
Sample the gluten-free products and evaluate them based on a scale from 1 to 7; 
1 being the worst and 7 being the best. 
Notice: If you have any food allergies, please notify Jenna, the principal investigator immediately. 
2 3 4 5 6 7 
Greatly Moderately Slightly Neutral Slightly Moderately Greatly 
Dislike Dislike Dislike Like Like Like 
Coffee Cake 691 
a. Appearance: 2 3 4 5 6 7 
b. Taste: 2 3 4 5 6 7 
c. Texture: 2 3 4 5 6 7 
d. Overall Quality: 2 3 4 5 6 7 
Coffee Cake 635 
a. Appearance: 2 3 4 5 6 7 
b. Taste: 2 3 4 5 6 7 
c. Texture: 2 3 4 5 6 7 
d. Overall Quality: 1 2 3 4 5 6 7 
*Please answer the following questions as best as you can by writing and circling your choice(s). 
1. What is your age? _____ _ 
2. What is your gender? _____ _ 
3. How often do you eat coffee cake? (circle one) 1 =Never 2= Rarely 3= Sometimes 4= Always 
4. Rank the coffee cake samples (1 being most preferred; 2 being least preferred) 
742: -------- 718: 
---·-----
5. Have you ever had gluten-free coffee cake before participating in this study? 
Yes No 
6. After sampling these gluten-free coffee cakes, do you think you will be willing to try other gluten-free 
products someday? 
Yes No 
Thank you for participating in the Acceptability of Gluten Free Products study. I greatly appreciate your help 
and look forward to your evaluations. If you are interested in more information about this particular study or 
gluten free products, please feel free to contact the principal investigator. 
AppendixE 45 
Survey 
Carlson Acceptability of Gluten-Free Baked Goods Survey 
Please circle the numbers based on preferences of bread. 
Sample the gluten-free products and evaluate them based on a scale from 1 to 7; 
1 being the worst and 7 being the best. 
Notice: If you have any food allergies, please notify Jenna, the principal investigator immediately. 
2 3 4 5 6 7 
Greatly Moderately Slightly Neutral Slightly Moderately Greatly 
Dislike Dislike Dislike Like Like Like 
Bread 742 
a. Appearance: 2 3 4 5 6 7 
b. Taste: 2 3 4 5 6 7 
c. Texture: 1 2 3 4 5 6 7 
d. Overall Quality: 2 3 4 5 6 7 
Bread 718 
a. Appearance: 2 3 4 5 6 7 
b. Taste: 2 3 4 5 6 7 
c. Texture: 2 3 4 5 6 7 
d. Overall Quality: 2 3 4 5 6 7 
*Please answer the following questions as best as you can by writing and circling your choice(s). 
1. What is your age? _____ _ 
2. What is your gender? _____ _ 
3. How often do you eat bread? (circle one) 1 =Never 2= Rarely 3= Sometimes 4=Always 
4. Rank the bread samples (1 being most preferred; 2 being least preferred) 
742: 718: 
---------~ --------
5. Have you ever had gluten-free bread before participating in this study? 
Yes No 
6. After sampling these gluten-free breads, do you think you will be willing to try other gluten-free 
products someday? 
Yes No 
Thank you for participating in the Acceptability of Gluten Free Products study. I greatly appreciate your help 
and look forward to your evaluations. If you are interested in more information about this particular study or 
gluten free products, please feel free to contact the principal investigator. 
AppendixF 
Consent Form 
CONSENT TO PARTICIPATE IN RESEARCH 
Acceptability of Gluten-Free Food Products 
You are invited to participate in a research study conducted by Jenna Carlson and Jim Painter, 
from the Family and Consumer Sciences Department at Eastern Illinois University. 
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Your participation in this study is entirely voluntary. Please ask questions about anything you do 
not understand, before deciding whether or not to participate. 
• PURPOSE OF THE STUDY 
To evaluate the acceptability of food products containing different gluten-free flours. 
• PROCEDURES 
If you volunteer to participate in this study, you will be asked to: 
Taste the samples of food that will be provided and then simply rate them on the survey based on 
your personal opinion. 
You will be given all the time needed to sample the products and complete the surveys. Samples 
will be given out in a random order based on location of your seat within the room. Everyone 
will have tried the same samples before the study has ended. A sample will be served to you two 
at a time and then you will be given several minutes to evaluate the product based on taste, 
appearance, texture, and overall quality. 
• POTENTIAL RISKS AND DISCOMFORTS 
There are no foreseen risks involved with this study. The only hazards of the study are food 
allergies and/or personal dietary issues. The ingredients within each product are available if you 
feel the need to see them. If at any time during the study you feel uncomfortable you have the 
right to leave without any future questions. 
• POTENTIAL BENEFITS TO SUBJECTS AND/OR TO SOCIETY 
The most beneficial aspect of this study is the fact that you are able to try a variety of food 
products that are most likely a part of your daily diet. 
• CONFIDENTIALITY 
Any information that is obtained in connection with this study and that can be identified with you 
will remain confidential and will be disclosed only with your permission or as required by law. 
Confidentiality will be maintained by means of identifying each participant by a random number. 
Your name will not appear on the survey that will be used for gathering the data. Each person's 
number will not be listed by their names in any form. The data will be collected by only the 
principal investigator and co-investigator. The final analysis of the study will be on file in the 
Family and Consumer Sciences Department for three years for the use of certified researchers 
only. Your name will only appear on the consent form and will not be released to anyone else. 
in this research the 
of benefits services from Eastern Illinois 
~"",~''""• Ll-ie research volunteer to be in this you may withdraw at any 
time without consequences of any kind or loss of benefits or services to which you are othenvise 
entitled. There is no penalty withdraw from the and you will not lose any benefits to 
which you are otherwise entitled. 
You may also refuse to answer any 
If you have any 
Jen .. 11a Carlson 
jrcarlson@eiu.edu 
742-3347 
or concerns about this contact: 
Jim Painter 
(217) 581-6679 
If you have any 
may call or write: 
or concerns about the treatment of human participants in this 
Institutional Review Board 
Eastern Illinois 
600 Lincoln Ave. 
IL 61920 
(21 
You will be the to discuss any about your rights as a research 
you 
with a member of the IRB. The IRB is an independent committee composed of members of the 
University community, as well as lay members of the not connected with EIU. The 
IRE has reviewed and approved this study. 
I voluntarily agree to participate in this study. I understand that I am free to withdraw my consent 
and discontinue my participation at any time. I can be given a copy of this form. 
Printed Name of Participant 
Signature of Participant Date 
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The Cafe Study Layout 
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6 6 6 (i 5 
2 6 2 2 2 6 7 
3 6 j 6 6 7 7 I 
4 6 6 6 6 4 4 3 4 
5 7 j 3 5 6 5 5 
{\ 3 4 2 ~ 6 4 3 1 2 
7 6 6 7 4 2 4 
s 7 3 3 3 s 6 3 3 3 
9 4 3 3 3 9 5 j 5 5 
10 J 3 4 10 6 6 6 6 
l1 5 3 :i 5 H 6 6 6 6 
12 7 5 6 6 12 3 3 4 
l3 5 5 4 5 13 5 4 4 4 
14 6 6 5 6 14 7 6 6 
15 7 6 6 6 15 6 6 
16 7 7 6 6 16 7 7 ! 
l7 7 5 6 1' 6 7 7 
18 4 3 3 3 1S 5 3 4 3 
19 3 3 3 19 6 7 6 6 
20 5 5 ~ j 20 6 7 5 j 
21 6 6 6 21 1 2 3 
22 5 22 6 4 3 4 
23 6 5 6 13 6 5 4 5 
24 7 5 24 'i 7 6 6 
25 j 25 3 3 3 
26 5 3 26 j 2 3 2 
27 6 5 6 5 27 ,. 2 3 
28 6 4 3 4 28 2 2 ~ 1 ,_ 
29 6 6 6 6 29 6 6 
30 5 4 4 4 30 6 3 4 3 
31 3 1 2 1 31 5 5 
32 6 6 6 32 j j 
3Ji. 3 6 2 3.3 4 4 4 
Nnle. Me>n S<oore: 5.606()6{}6 4.81818Hl 43030303 4.8125 54545455 4.7575758 4A545"15 4.66666666 7 
Nate: Lilrert lype =-~ of 1 = greatly dis.like !I! 7= greatly like 
N<>le: "p::O .05, ooe iltiled, two $1!tnple equal viuil1m:,,_ 
1 "Missing &t1!."pllr!icipmt. left item blank T-test~: 
A~ance TMte Textllire Ov~Ouali!y 
0.3259S9HB 0.44 035058 03443 
Partici;:=t• F-"•P"=" t<> Glnren-Fre!! Coffee Cue Chara<:tm•lres 
's 
3. Combine 
melts 
4. 
slightly warm. 
5. into the ingredients in bowl and beat at highest 
6. Place mixing bowl a warm place, cover plastic and 
dough rise approximately 1 to 1 Yz hours or until doubled. 
7. Return to beat on high 3 minutes. 
8. Spoon dough into muffin tins and bake for 30 minutes at 350°F. 
Yield: 18 rolls 
2 
slightly warm. 
the ingredients in for 2 
60 Place mixing bowl a warm cover with plastic wrap and let 
dough rise approximately l to 1 Yi hours or until doubled" 
70 to mixer and beat on high for 3 minutes" 
8. Spoon dough into muffin tins bake for 30 minutes at 350° 
Yield: approximately rolls 
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